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(54) Coating ffDm having water repeliency and low refractive index 



(57) A process for forming a coating film oh a sub- 
strate surface, which comprises preparing a reaction 
mixture comprising a silicon compound (A) of the follow- 
ing formula (1): 



Si(OR4) 



(1) 



wherein R is a C1.5 all^ group, a siiicbh compound (B) 
of the following formula (2) : 



0.5 to 10 wt% as calculated from silicon atoms in the 
reaction mixture and maintaining absence of water, to 
form a polyslloxane solution; then coating a coating fluid 
comprising the polysiloxane solution on a substrate sur- 
face to form a coating; and heat-currng the coating at a 
temperature of from 80 to 450**C to form a coating film 
having a refractive Index of from 1 .28 to 1 .38 and a con- 
tact angle of water of from 90 to 115?. as adhered on the 
substrate surface. 



CF3{CF2)nCH2CH2Si(OR^)3 



(2) 



wherein is a C1.5 alky! group, and n is an integer of 
from 0 to 12, an alcohol (C) of the following formula (3): 



R^CHaOH 



(3) 



wherein R^ is a hydrogen atom, or an unsubstituted or 
substituted C^.^^ group, and oxalic acid (D), in a 
ratio of from 0.05 to 0.43 mol of tlie silicon compound 
(B) per mol of the silicon compound (A), in a ratio of 
from 0.5 to 1 00 mbl of the alcohol (C) per mol of the total 
alkoxy groups contained In the silicon compounds (A) 
and (B), and in a ratio of from 0.2 to 2 mol of the oxalic 
acid (D) per mol of tiie total alkoxy groups contained In 
the silicon compounds (A) and (B); heating this reaction 
mixture at a tempejfature of from 50 to ISO^'C until the 
total amount of the silicon compounds (A) and (B) 
remaining in the reaction mixture becomes at most 5 
mol%, while maintaining a SiOa concentration of from 
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Thj9 present invention relates to an improvement of a coating film formed on a substrate from a polymer solution of 
an allcQK/ group-containing silicon compound. Particularly; the present invention relates to a coating film having a low 
refractive index and a large contact angle of water, which is formed as adhered on a substrate surface, by heat-curing 
on a substrate surface a coating composed of a polysiloxane solution prepared by co-condensing, in the absence of 
water, alkoxy group-containing silicon compounds having a specific composition. 

It is known that when a coating film showing a refractive index lower than the refractive index of a substrate is 
formed on the surface of the substrate, the reflectance of light reflected from the surface of the coating film decreases, 
Such a coating film showing a decreased light reflectance is utilized as an antireflection film and practically applied to 
various substrate surfaces. 

JP-A-5-1 05424 discloses a process for forming an aiitiref lection film having a low refractive index, oh a substrate, 
which comprises coating on a glass substrate such as a cathode ray tube an alcohol dispersion of fine particles of MgF2 
formed by reacting a magnesium salt or an altoxy magnesium compound as a Mg source with a fluoride salt as a F 
source, or a liquid having tetraalkoxysilane or the like added thereto for improving the film strength, as a coating fluid, 
followed by heat-treatment at a temperature of from 1 0p to SOO'^C. 

JP-A-6-1 57076 discloses a low reflection glass having formed on a glass substrate a thin film showing a refractive .. 
index of from 1 .2 1 to 1 .40 and having a thickness of from 60 to 1 60 nm with irregularities or micro-pits having a diameter 
of from 50 to 200 nm. by mixing a splveht such as an alcohol with at least two hydrolytic polycondensates different in 
the average molecular weight, such as tetraalkoxysilane, methytrialkoxysllane and ethyltrialkoxysilane, to obtain a coat- . 
ing fluid, forming a coating film from such a coating fluid by controlling the relative humidity and the mixing ratio at the 
time of the above mixing, and heating the coating film. . 

JP-B-3-23493 discloses a low reflectance gjass comprising a glass, a lower layer film having a high refractive index 
formed on its surface and an upper layer film having a low refractive index formed on the surface thereof. As a detailed 
description of the process for forming the upper layer film, this publication discloses a process which comprises hydror 
lyzing a fluorine-containing silicon compound having a"p6lyfluorocartx)n chain, such as CF3(CF2)C2H4SiCOCH3)3, and 
a silane coupling agent such as Si(OCH3)4 in an amount of from 5 to 90 wt% based thereon, in an alcohol solvent in 
the presence of a catalyst such as acetic acid, followed by filtration to obtain a liquid of a co-condensate, then coating 
this liquid on the lower layer film and heating it at a tenperature of from 1 20 to 250**C. 

The process for forming a multilayer coating fflm on a substrate as disclosed in the above JP-B-3-23493, requires 
repetition of the coating and baking steps, and is not efficient Besides, due to repetition of the baking step, cracks are 
likely to form in the coating film, the resulting coating film tends to be hon-unifbrm, and deformation of the substrate is 
likely to occur. Further, in order to impart a low refractive index to the upper layer film formed from the coating fluid 
obtained by such a hydrolytic method, it is required to use a large amount of tiie fluorine-containing silicon conpound . 
at a level of at least 1 .1 mol per mol of the silane coupling agent and even in such a case, a coating film having a refrac- 
tive index lower than 1.33 is hardly obtainable. Furtiier, if the coating fluid obtained by such a hydrolytic method, is 
directly coated on the substrate, and the coating Is heatedi the resulting cfoating f ilnri. wifl not have suffldent hardnesa 

By the process disclosed in tiie above JP-A-5-1 05422, the bond strerigth among the fine particles of lAgFz 'S weak, 
so that the formed coating film is poor in tiie mechanical strength, and the adhesive strength to the substrate is inade- 
quate. Besides, this coating film made of MgF2 does not essentially show a refractive index lower tiiari 1.38, and 
depending upon tiie type of the substrate, no adequate antireflection property ^ 

The process disclosed in the above JP-A-6-1 57076 is cumbersome in the preparation and incorporation of the 
polycondensates having different molecular weights and furtiier requires control of the relative humidity during tfie film- 
forming and the surface irregularities of the coating film. Thus, tiiis process is not practically useful. . 

Each of tiie coating films disclosed in ttie above JP-A-5-1 05422 and JP-A-6-1 57076 is susceptible to staining of its 
surface during practical use, and to prevent such staining, it has been common to coat a treating agent having higher 
water repellency on its surface, such as a stain-proofing agent made of a fluorine-containing compound. 

It is an object of the present invention to provide a process for forming an improved coating film on a substrate sim- 
ply and effidently. Particularly, the present invention is intended to provide a coating film formed on a substrate as. 
adhered to the surface of the substrate and having a refractive index of from 1 .28 to 1 \3B and a contact angle of water 
of from 90 to 11 5^ 

Namely, the present invention provides a process for forming a coating film on a substrate surface, which comprises 
preparing a reaction mbdure (k)mprising a sincon compourd (A) of ttie fd^ 

Si(0R4) (1) . 

wherein R is a C^^ alkyi group, a silicon compound (B) of the following formula (2): 

CF3(CF2)nCH2ChfeSi(pR"*)3 . (2) . 
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wherein is a 0^.5 alkyl group, anon is an integer of from 0 to 12, an alcoliol (C) of the foliowing formula (3): 

R^CHgOH (3) — 

s wherein is a hydrogen atom, or an unsubstituted or substituted Ci.12 alkyl group, and oxalic acid (D), in a ratio of 
from 0.05 to 0.43 mol of the silicon compound (B) per mol of the silicon compound (A), in a ratio of from 0.5 to 100 mo! 
of the alcohol (C) per mo! of the total alkoxy groups contained in the silicon compounds (A) arid (B), and in a ratio of 
from 0.2 to 2 mol of the oxalic acid (D) per mol of the total alkoxy groups contained in the silicon compounds (A) and 
(B); heating this reactiori mixture at a temperature of from 50 to 180''C until the total amount ofthe silicon compounds 

10 (A) and (B) remaining in the reaction mixture becomes at most 5 mol%, while maintaining a SiOa concentration of from 
0,5 to 10 wt% as calculated from silicon atoms in the reaction mixture and maintaining absence of water, to form a 
polysiloxane solution; then coating a coating fluid comprising the polysiloxane solution on a substrate surface to form a 
coating; and heat-curing the coating at a temperature of from 80 to 450'*C to form a coating film having a refractive index 
of from 1 .28 to 1 .38 and a contact angle of water of from 90 to 11 S"", as adhered on the substrate sur^ce; and such a 

IS coating film formed by the process. 

The above polysiloxane solution is transparent and contains no polysiloxane of gel form. Although a Isu'ge amount 
of the alcohol (C) and a relatively large ;ambunt of oxalic add (D) are coexistent, since the silicon compounds (A) and 

(B) are heated in a reaction mixture in the absence of water, this polysiloxane is not the one formed by condensation of 
hydrolyzates of the silicon compounds (A) and (B). When a polysiloxahe is formed from an alkoxysilane by a method of 

20 hydrolysis in an alcohol soK/ent, tfie liquid tends to be turbid, or a non-uniform polysiloxane is likely to form, as the 
( hydrolysis proceeds. Witii the above reaction mixture of the present invention, no such phenomenon will take place. 

The chemical structure of tiie polysiloxane of the present invention is complex and can not be specifically defined. 
However, it is considered that a co-condensate polysiloxane of tiie silicon compounds (A) and (B) having a degree of 
polymerization suitable for forming a solution and having a relatively uniform structure, will form, even though it may 
25 have a branched structure, as polymerization proceeds, probably as tiie alcohol (C) acts on an intermediate fomnied by 
the reaction of the silicon conrpounds (A) and (B) w'rth oxalic add P). 

By heating tiie coating containing the above polysiloxane solution, coated on the substrate, removal of volatile com- 
ponents from thei coating and a curing reaction of polysiloxane in tiie coating will proceed, whereby an insoluble coating 
film adhered to tine substrate surface and having a low refractive index and water repellency, will form. The larger tiie 
30 molar ratio of tiie silicon conrpound (B) to the silicon compound (A), the lower the refractive index of tiiis coating film, 
and tiie larger the contact angle with water. However, as is different from the upper layer film disclosed in the above JP- 
B-3-23493, tiie coating filrh of the present invention has a refractive index lower than the refractive index of the above ■ 
upper layer f ilnri, in spite of tine fact tiiat it is formed from a coating fluid having a low content of the silicon compound (B); 
Now, the present invention will be described in detail with reference to the preferred embodiments. 
35 Examples of the alkyl group R in the above formula (1) indude metiiyl, ethyl, propyl, butyl and pentyl. Prefen-ed 
examples of the silicon compound (A] include tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane and tetrabutox- 
ysilane. Among them, particularly preferred are tetrametiio^silane and tetraethoxysilana These compounds may be 
used alond or In combination as a mixture of two or more of them. 

Examples of the alM group in the above formula (2) include methyl, ethyl, propyl, butyl and pentyl. Prefen-ed 
( 40 examples of the silicon compound (B) include trifluoropropyltrimethoxysilane. trifluoropropyltriethoxysilane, tride- 
cafluorooctyltrimethoxydlane, tridecafluorooctyltrietiioxysilane, heptadecafluorodecyitrimethoxysilahe and heptade- 
cafluorodecyitriethoxysilane. These compounds may be used alone or in combination as a mixture of . two or more of 
them. 

Examples of the unsubstituted alkyl group in the above formula (3) indude metiiyl, ethyl, propyl, butyl, pentyl, 
45 hexyl. heptyl and octyl. Examples of the substituted alkyl group R^ includes hydroxymethyl, methoxymethyl, ethoxyme- 
thyl, hydroxyethyl. metiioxyethyl and ethoxyethyl. Prefenred examples of the alcohol (C) include methanol, ethanol, pro- 
panol, n-butanoi. ethylene glycol monomethyl ether, ethylene glycol rhbnoethyi ether, diethylene glycol monomethyi 
ether, diethylene glycol monoethyl ether, propylene glycol monomethyl ether and propylene glycol monoethyl ether. 
Among them, particularly preferred is ethanol. 
so A uniform polysiloxane solution is hardly obtainable from a reaction mixture in which tiie silicon compound (B) is 
used in an amount exceeding 0.43 mol per mol of the silicon compound (A). From a reaction mixture wherein the silicon * 
compound (B) is used in an amount of less than 0.05 mol per mol of tiie silicon compound (A), a coating film having a 
refractive index of 1 .38 or less will hardly be formed, and tiie coating film thereby formed will not exhibit water repeUehcy 
showing a contact angle of water of at least SO"". It is particularly preferred that the silicon compound (B) is used in an . 
55 amount of from 0.05 to 0.25 rhol per mol of the silicon compound (A). . 

If the alcohol (C) is used in an amount smaller than 0.5 mol per mol of tfie total alkoxy groups contained in the sili- 
con compounds (A) and (B), it takes a long time to form the polysiloxane, and it tends to be difficult to form a coating . 
f ilrii having high hardness fronfi tiie liquid containing the polysiloxane tiiereby obtained. On tiie other hand, if the alcohol 

(C) is used in an amount larger than 1 00 mol per nriol of the total alkoxy groups contained in the silicon compounds (A) 
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and (B), the Si02 concentration in the^mined polysiloxane-containlng liquid tends to be inade^Re, and concentra- 
tion will be required prior to coating, such being inefficient ft is particularly preferred to use the alcohol (C) in an amount 
of from 1 to 50 mol per mol of the total alkoxy groups contained in the silicon compounds (A) and (B). 

If oxalic acid (D) is used in an amount smaller than 0.2 mol per mol of the total alkoxy groups contained in the silicon 
compounds (A) and (B), it tends to be difficult to form a coating film having high hardness from the resulting polysi- 
loxane-containing liquid. On the other hand, if the oxalic acid (D) is used in an amount larger than 2 mol per mol of the 
total alkoxy groups contained in the silicon compounds (A) and (B), the resulting polysiloxane-containing liquid contains 
a relatively large amount of the oxalic acid (D), and from such a liquid, it tends to be difficult to obtain a coating film hav- 
ing the desired properties. It is particularly prefen-ed to use the oxalic acid (D) in an amount of from 0.25 to 1 mol per 
mol of tiie total alkoxy groups contained in the silicon compounds (A) and (B). 

To fomi the reaction mixture, an alkylalto^silane may be incorporated as a modifier (E), for example, in an arhbunt 
of 0.02 to 0.2 mol per mol of the silicon compound (A), as the case requires, in addition to the silicon compounds (A) : 
and (B). the alcohol (C) and the oxalic acid (D). 

Prefen'ed examples of tiie modifier (E) include trialkoxysilanes such as methyltrimethoxysilane, methytriethoxysi- 
lane, ethyltrimethoxysilane. ethyltriethoxysilane, propyltrimethoxysilane, propylfriethoxysifane, buty1trimetiio)(ysilane, 
butyltriethoxysilane, pentyftrimethoxysilane. pentyltrietiioxysilane. heptyltrimetfioxysilane, heptyltriethoxysilane, octylt- 
rimethoxysiiane. octyltriethoxysilane, dodecyltrimethoxysilane, dodecyltriethoxysilane, hexadecyltrimethoxysilane, hex- ; 
adecyltriethoxysilane, octadecyltrimetiioxysilane, octadecyltriethoxysilane, phenyltrimetiioxysilane. phenyltrietiioxy- 
silane, vinyltrimethoxysOane, vinyltriethoxysilane, y-aminopropyltrimethoxysilane, f aminopropyttrjethoxysilane, rOlydr 
doxypropyltrimethoxysilane, y-glycidoxypropyltriethoxysllane, y-methacryloxypropyltrimethoxysilane and y-methacry- ; 
loxypropyltriethoxysilane, and dialkoxysilanes such as dlmethyldimethoxysilane and dimethyldietiioxysilane. Such a . 
modifier (E) Is capable of lowering the tenperature for curing the coating on the substrate and Improves the adhesion 
of the coating film to tiie substrate. 

The reaction ntixture comprising the silicon cdnnpounds (A) and (B), the alcohol (C) and the oxalic acid (D), may be 
formed by mixing such components, or by further incorporating the above modifier (E) thereto. To such a reaction mix- 
ture, no water may be added. This reaction mixture is preferably heated in the form of a solutioa For example, it is pref- ... 
erably belated as a reaction mixture In the form of a solution obtained by preliminar^y adding tiie oxalic acid (D] to the 
alcohol (C) to form an alcohol solution of oxalic acid and then mixing tiie silicon confipounds (A) and (B) and the above 
modifier (E) to the solution. The reaction mbcture comprising the silicon compound (A), the silicon compound (B). tiie 
alcohol (C) and the oxalic acid (D) in the above-mentioned ratios, usually has a SiO^ concentration of from 0.5 to 10 
wt% when silicpn atoms contained therein are calculated as Si02. Also in the case of the reaction mixture containing 
the above modifier (E), such a modifier (E) is incorporated so that the mixture wifl have a SiOa concentration of from 0.5 
to 10 wt% when silicpn atoms contained therein are calculated as SiOa. Such a reaction mixture is maintained at the . 
above SiOa concentration and in tiie absence of water during the heating of the reaction mixture. This heating can be ; 
carried out in a usual reactor at a liquid temperature of from 50 to 1 80*^0. Preferably, it is earned out for example, in a 
dosed container or under reflux; so that no evaporation or vol^^^^ 

If the heating to form tiie polysiloxane Is earned put at a temperature lower than 50''C. the liquid tends to have tur- : 
bidity or tends to contain insoluble substances. Therefore, tiiis heating is carried out at a temperature higher tiian 50°C, 
If the temperature is high, the operation can be completed in a short period of time. However, heating at a temperature . 
higher than 180*'C is inefficient, as no additional merits will be thereby obtained. The heating time Is not particularly lim- 
ited; For example, It is usually, about 8 hours at 50*^0 and about 3 hours under r^Iux at 78<'C. Usually, the heating is 
terminated when the amount of the remaining silicon compounds (A) and (B) becomes at most 5 mol%, based on the . 
total charged amount of the silicon compounds (A) and (B). If a polysiloxane-containing Oquid in which these silicon 
compounds remain more than 5% based on the total aniount of the silicon compounds (A) and (B) charged, is coated 
on a substrate, surfece and then the coating is heat-cured at a temperature of from 80 to 450*C, the resulting coating 
film tends to have pinholes, or it tends to be difficult to obtain a coating film having adequate hardness. 

The polysiloxanesolution obtained by the above heating, may be used directly as a coating fluid for the next coating 
step. However, if desired, it may be concentrated or diluted to obtain a solution useful as a coating fluid, or tiie solvent 
may be substituted by other solvent to obtain a solution useful as a coating fluid. Otherwise, an optional adcBtive (F) niay ; 
be added tiiereto to obtain a coating fluid. Examples of such an additive (F) include a silica sol, an alumina sol, a titania 
sol, a zirconia sol, a magnesium fluoride sol and a ceria sol, which are in the form of sols of colloidal inorganic fine par-, 
tides. These sols may be used alone or in combination as a mixture of two or more of them. Such sols are preferably . 
organo sols. Particularly preferred aire organo sols using tiie alcohol (C) as the dispersing medium. The arnount of tiie 
sol to be added, may be selected optionally, so long as the amount of colloidal inorganic fine particles is at niost 70 wt%, 
based on tiie total weight of tiie heat cured solid content in the coating fluid. As otiier additives (F). metal salts or metal 
compounds msy, for example, be mentioned. These additives are suitable for controlllng the water. repeDency of tiie. 
coating film.. : 

The coating fluid to be used In the coating step. Is preferably a fluid which contains from 0.5 to 10 wt%, as calcu- . 
lated as SiQ^, of silicon atoms derived from the jabove polysiloxane transparent solution. If this SiOa concentration is 
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less than 0.5%. the thickness of thecbating film formed by one coating operation tends to be thin. If the concentration 
exceeds 10 wt%. the storage stability of such a coating fluid tends to be inadequate. It is particularly preferred that the 
SO2 concentration of this coating fluid is from 2 to 8 wt%! 

The substrate is not particularly limited so long as it permits forrhation of an adhesive coating f ilm thereon. In order 
5 to form an antireflection coaling film thereon, it is preferred to use a substrate having refractive index higher the refrac- 
tive index of the coating film, such as usual glass or plastics. 

The above polysiloxane solution or a coating fluid comprising such a solution, can be coated on the substrate by a 
conventional method such as a dipping method, a spin coating method, a brush coating method, a roll coating method, 
or a flexo printing method. 

10 The coating formed on the substrate may directly be heat-cured. However, prior to such heat-curing, it may be dried 
at a temperature of from room temperature to 80^C, preferably from 50 to 80*»G, and then heated at a temperature of 
from 80 to 450**C, preferably from 100 to 450°C, The time for tiiis heating may be from 5 to 60 minutes for adequate 
heat-curing. If this heating temperature is lower than 80''C, the hardness, chemical resistance or the like of the resulting 
coating film tends to be inadequate. In the case of a heat resistant substrate such as glass, heating may usually be car- 

15 ried out at a temperature of at least 300^C. However, at a temperature higher than 450**C, no adequate water repellency 
tends to be imparted to the resulting coating film. Such heating can be carried out by a conventional metiiod, for exam- 
ple, by using a hot plate, an oven or a belt furnace. 

Now, the present Invention will be described in further detail with reference to Examples. However, it should be 
understood that the present invention is by no means restricted to such ^ecific Examples. 
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EXAMPLE 1 



70.8 g of ethanol was charged into a four-necked flask equipped with a reflux condenser, and 12.0 g of oxalic add 
was gradually added to this ethanol with stirring, to prepare an ethanol solution of oxalic acid. Then, this solution was 

25 heated to its reflux temperature, and a mbdlire comprising 1 1 .0 g of tetraethoxysilane and 6.2 g of tridecafluorooctyltri- 
methoxysilane, was dropwise added to this solution under reflux. After completion of the dropwise Edition, heating was 
continued for 5 hours under reflux, followed by cooling to obtain a polysiloxane solution (L^). 

This solution (L-i) was analyzed by gas chromatography whereby no aikoxide monomer was detected. This solution 
(Li) was coated on the surface of a calcium fluoride substrate, and then, tiie coating was heated at SOO^'C for 30 min- 

30 utes to form a coating film adhered to the surface of this calcium fluoride substrate. Then, with respect to this coating 
film, the spectrum of transmitted light was measured by means of an infrared spectroscope, whereby absorption by a 
silanol group was observed in the vidnity of 3,200 cm'^ and 980 cm"\ absorption by a methylene group was observed 
in the vidnity of 2,800 cm'\ absorption by Si-O-iSi was obsen^ed in tiie vicfriity of 1,100 cm""*, and absorption by C-F 
was observed in the vicinity of 1 ,200 cm ^ 



EXAMPLE 2 



72.4 g of ethanol was charged into a four-riecked flask equipped witfi a reflioc condenser, and 12.0 g of oxalic add 
was gradually added to this ethanol with stirring, to prepare an ethanol solution of oxalic acid. Then, this solution was 
40 heated to its reflux temperature, and a mixture comprising 1 2.5 g of tetraetiioxysilane and 3. 1 g of tridecaf luorooctyltri- 
methoxysiiahe, was dropwise added to this solution under reflux. After completion of the dropwise addition, heating was 
continued for 5 hours under reflux, followed by cooling to obtain a polysiloxane solution (L2). This sdutibn (L2) was ana- 
lyzed by gas chromatography, whereby no aikoxide monomer was detected. 

45 EXAMPLES 

70.6 g of ethanol was charged into a four-necked flask equipped with a reflux condenser, and 1 2.0 g of oxalic add 
was graduaily added to this ethanol with stirring, to prepare an ethanol solution of oxalic acid. Then, this solution was 
heated to its reflux temperature, and a mixture comprising 9.4 g of tetraethoxysilane, 6.2 g of fridecaf luorooctyltrimeth- 
50 oxysilane, 1.2 g of y-glyddoxypropyltrimethoxysilane and 0.6 g of y-aminopropyltrimethoxysilane, was drofivwise added 
to this sdiition under reflux. After completion off the dropwise addition, healing was continued for 5 hours under reflux, 
followed by cooling to obtain a polysiloxane solution (L3). This solution (Lg) was analyzed by gas bhromatogp^phy, 
whereby no aikoxide monomer was detected. 

55 EXAMPLE 4 

1 49 g of ethanol and 51 .0 g of a metfiandl-dispersed silica sol containing colloidal silica having a particle size of 8 
nm in an amount of 1 5.7 wt% as SiOg. were added to 1 00 g of tiie solution (Lg) obtained in Example 3, followed by mix- 
ing thoroughly, to obtain a polysiloxane solution (L4). 
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223.6 g of ethanol and 76.4 g of a methanol-dispersed silica sol containing colloidal silica having a particle size of 
8 nm in an amount of 15.7 wt% as SiOg, were added to 100 g of the solution (L3) obtained in Example 3, followed by 
mixing thoroughly, to obtain a polysiloxane solution (L5). 

COMPARATIVE EXAMPLE 1 

Into a four-necked flask equipped with a reflux condenser. 43.7 g of ethanol, 16.6 g of tetraethoxysilane and 9.3 g 
of tridecafluorooctyltrimethoxysilane were charged and mixed to obtain an ethanol solution. Then, this solution was 
heated to its reflux temperature, and a mixture comprising 24.9 g of ethanol, 5.4 g of vy^ter and 0.1 g of nitric acid as a 
catalyst, was dropwise added to this solution under reflux After completion of the dropwise addition, heating was con- 
tinued for 5 hours under reflux, followed by cooling to obtain a liquid (L^) comprising hydrolyzates of the alkoxysilanes. 

COMPARATIVE EXAMPLE 2 

Into a four-necked flask equipped with a reflux condenser. 72.0 g of ethanol was charged, and 1 1 .4 g of oxalic acid 
was gradually added to this ethanol with stirring, to prepare an ethanol solution of oxalic acid. Then, this solution was 
heated to its reflux temperature, and a mixture comprising 1 1 .0 g of tetraetiioxysilane and 5.6 g of octadecyltrimethox- 
ysilane, was dropwise added to this solution under reflux. After completion of tfie dropwise addition, heating was con- 
tinued for 5 hours, followed by cooling to obtain a polysiloxane-containing liquid (Ly). 

COMPARATIVE EXAMPLE 3 

Into a four-necked flask equipped with a reflux condenser, 53.7 g of ethanol and 20.8 g of tetraethoxysilane were 
charged and mixed to prepare an ethanol solution of tetraetiioxysilane. Then, this solution was hea.ted to its reflux tem- 
perature, and a mixture comprising 20.0 g of ethanol, 5.4 g of water and 0.1 g of nitric acid as a catalyst, was dropwise 
added to this solution under reflux. After completion of the dropwise addition, heating was continued for 5 hours at a 
reflux temperature, followed by cooling to obtain a liquid comprising a hydrolyzate of the alkoxysilane. Then, to the 
entire amount of this liquid, 700 g of etfianol and 1 00 g of a methanol-dispersed silica sol containing colloidal silica hav- 
ing a particle size of 1 2 nm in an amount of 30 wt% as Si02, were added and thoroughly mixed, to obtain a mixed liquid 
{Lei- 

EXAMPLE 6 

Each of the above liquids (Li) to (LQ).was used as a coating fluid and spin-coated on a sut^strate to form a coating, : . 
and tiien this coating was dried on a hot plate at dC'C for 5 minutes, followed by heating at a temperature identified in 
Table 1 in a baking furnace, to form a coating film on the substrate surface. Then, with respect to each coating film thus 
obtained, the pencil hardness, the refractive index, the reflectance, the contact angle of water and the film thickness 
were measured by tiie following methods. 

For the measurements of the pencil hardness and the reflectance, the coating fOm was formed on tiie surface of a 
soda lime glass substrate having a refractive index of 1.52 and a reflectance of from 4 to 5%, and for tiie measurement 
of the refractive Index, the coating film was formed on the surface of a silicon substrate. 

Method for measuring pencil hardness: In accordance with the method prescribed in jls K5400. . . 

Method for measuring refractive index: Using Ellipsometer DVA-36L. manufactured by Mizojiri Kogaku ICK.. tiie 
refractive index of light with a wavelengtfi of 633 nm was measured. 

Method for measuring reflectance: Using spectrophotometer UV 3.100 PC, manufactured by Shimadzu Corpora- 
tion, the reflectance of light with an wavelength of 550 nm was measured at an angle of incidence of 5°. 

Method for measuring contact angle of water: Using an automatic contact angle meter CA-Z model, manufachjred 
by Kyovya Kkimen Kagaku KX, tiie contact angle when 3 \ii of pure water was dropped, was measured. 

Method for measuring film thickness: The coating after drying, was cut by a cutter and tiien heat-cured to obtain a 
coating film, and with respect to tiie coating fOm, the film tiiickness was measured by measuring the difference in level 
by means of a Talystep, manufeclured by Rank Taylor Hobson Company. 

the results of these measurements are shown in Table 1. 
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As shown In Table 1, when the coating of the coating fluid (Li) was heated at a temperature of 300*»C, 350°G or 
450**C. the coating film of the present invention was obtained. Whereas, when the coating of the coating fluid (Lf) was 
heated at 550''C/ a ooatihg film of a Compairalive Example was fornied which had a contact angle of water of 1 0** or less 
and a refractive index of 1 .39. 

Each of the coating films obtained by heating the coating fluid (L2) at 300*»C, the coating fluid {L3) at lOC^C, the 
coating fluid {L4): at 1 00**C and the coating fluid (Ly at 300^C, respiectively, was excellent . 

Each of the coating films obtained by heating;at 300*C, the coatings of the comparative coating fluid (Le) obtained 
by hydrolysis and the comparative coating fluid (L7) prepared without using the silicon compound (B), respectively, 
failed to show a refractive index of 1 .38 or less. 

The coating film formed by heating at 300**C the comparative coating fluid (La) containing the hydrolyzate of 
tetraalkoxysilane and ttie colloidal silica, showed a refractive index of 1.33, but had a contact angle of water of 10* or 
less. . 

The polysilO)^e solution used for forming the coating film of the present invention has a stability durable for stor- 
aige of about 6 months at normal temperature and thus can be presented as an industrial product The coating film of 
the present invention can readily be obtained by a step of coating on a substrate surface a coating fluid comprising this 
solution of industiial product and a step of heat-curing the coating thereby fomied. 

By forming the coatirigfilm of the present invention on a substrate having a refractive index higher than the refrac- 
tive index of the coating film of the present invention, such as on the surface of usual glass, this substrate can readily 
be converted to an antireflecting substrate. The tiiickness of the coating film of the present invention can be controlled 
by the tiiickneiss of the coating, but it may readily be controlled by adjusting the SiOa concentration in the coating fluid: 
The coating film of the present Invention may be effectively used as a single coating film on tfie substrate surface, but 
it maiy be used also as an upper layer coating film on a lower layer coating f flm having a high refractive index. 

It is known that between the thickness d (nm) of the coating film having a refractive irxJex a and the wavelengtii X 
(nm) of light, of which reduction in reflectance by this coating film, is desirisd, tiiere is a relation represented by the for- 
mula d=:(2b-l)X/4a. wherein b is an integer of at least 1. Accordingly by determining the tiiickness of the coating film 
using this formula, it is readily possible to prevent reflection of a desired fight For example, prevention of reflection from 
a glass surface of a light having a center wavelength of visible light of 550 nm by a coating film having ja refractive index 
of 1.32, can reiadily be acconplished by employing a coating film tiiickness of 104 rim which is obtainable by substitut- 
ing these numerical values for X and a in the above formula and 1 for b. or a coating film thickness of 312 nm which is 
likewise obtainable by substituting 2 for b. 

The coating film of the jpresent invention may be applied to the surface of various products for which antiref lection 
of light is desired, including cathode ray tubes made of glass, displays for computers, mirrors having glass surface and 
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show cases made. of glass. The coatin^ffi of the present invention also has Kccellent water repeirency, and by forming 
this coating film on a hydrophilic substrate surface, the hydrophilic substrate surface susceptible to staining can be con- 
verted to a stainproof surface. . 

The features disclosed in the foregoing description, in the claims and/or iri the accompanying drawings may, both sep- 
arately and in any combination thereof, be material for realising the invention in diverse forms thereof. 

Claims 

1 . A process for forming a coating film on a substrate surface, which comprises preparing a reaction mixture compris- 
ing a silicon compound (A) of the following formula (1): 

Si(0R4) (1) 

wherein R is a alkyl group, a silicon compound (B) oif the following formula (2): 

CF3(CF2)nCH2CH2Si(OR^)3 (2) 

wherein R^ is a C1.5 alkyl group, and n is an integer of from 0 to 12, an alcohol (C) of the following formula (3): . 

R^CHgOH (3) 

wherein R^ is a hydrogen atom, or an unsubstituted or substituted Cr.12 alM group, and oxalic acid (D), in a ratio 
of from 0.05 to 0.43 mol of the silicon compound (B) per mol of the silicon compound (A), in a ratio of from 0.5 to 
100 mol of the alcohol (C) per mol of the total alkoxy groups contained in the silicon compounds (A) and (B), and 
in a ratio of from 0.2 to 2 mol of the oxalic acid (D) per mol of the total alkoxy groups contained in the silicon com- 
pounds (A) and (B); heating this reaction mixture at a temperature of from 50 to 180*C until the total amount of the 
silicon compounds (A) and (B) remaining in the reaction mixture becomes at most 5 mol%, while maintsuning a 
Si02 concentration of from 0.5 to 10 wt% as calculated from silicon atoms in the reaction mixture and maintaining 
absence of water, to form a polyslloxane solution; then coating a coating fluid comprising the polysiloxane solution 
on a substrate surface to form a coating; and heat-curing the coating at a temperature of from 80 to 450**C to form 
a coating film having a refractive index of from 1 .28 to 1.38 and a contaict angle of water of from 90 to 1 15'';; as 
adhered on the substrate surface. 

2. The process according to Claim 1 , wherein the silicon compound (A) is at least one silicon compound selected from 
the group consisting of tetramethoxysilane, tetraettioxysilane, tetrapropoxysilane and tetrabutoxysilanei. 

3. The process according to Claim 1 , wherein tiie silicon compourKi (^.is at least one silicon compound selected from . 
the group consisting of tetraniethoxysil£Uie and tetraethcKysilane. 

4. The process according to any one of Gaims 1 to 3, wherein the silicon compound (B) is at least one silicon com- . 
pound sdepted from the group consistinig of trifluoroprppyltrimethoxysilane, trifluoropropyltriethoxysilane, tride- 
cafluorooctyltrimethoxysilane. tridecafluorooctyitriethoxysilane, heptadecafluorodecyltrimethoxysilane and 
heptadecafluorodecyltrietiiQxysilane. 

5. The process according to any one of Claims 1 to 4, wherein the alcohol (C) is at least one alcohol selected from 
the group consisting of methanol, ethanol, propanol, n-butanpl, ethylene glycol monomethyf ether, etiiylene glycol 
monoethyl ether, diethylene glycol monornethyl ether, diethylene glycol monoethyl ether, propylene glycol monor 
methyl ether and propylene gfyool mbnoethyl ether. 

6. The process according to any one of Claims 1 to 4, wherein tiie alcohol (C) is etiianol. . 

7. The proQess according to any one of Claims 1 to 6, whereiri at least one alkyl alkoxysilane selected from the group . 
consisting, of methyltrimethoxysilane, methyltriethoxysilahe^ ethyltrimethoxysilane, ethyHriethoxysilane, propyltri- 
methoxysilane, propyltriethoxysilane, butyltrimethoxysilane, butyltriethoxysilane, pentyltrimethoxysilane, pentyftri- 
ethoxysilane^ heptyltrimethoxysllane, heptyltriethoxysilane, octyltrimethoxysilane, octyltrfethoxysilane, 
dpdecyttrimethoxysilane, dodecyltriethoxysilane, hexadecyltrimethoxysilane, hexadecylti'iethoxysilane, octadecyK- 
.nmethoxysilane, octadecyltriethoxysilane, phenyltrimethoxysiiane,. phenyltriethoxysilane. vinyitrimethoxysilanid, 

^ . vinyltriettoqrsllane. .Y^aminopropyttrimethoxysilane, y-aminopropyltrietiioxysilane, y-glycidoxypropyltrimethoxysi- 
lan^ l^lycidoxypropyltriethcscysllane, Y^niethacryloxypropyltrimetiioxysilane. y-methacryloxypropyltriethoxysilane. 
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dimethyldimethoxysllane and dimethyidiethoxysilane. is incorporated as a modifier (E) in an amount of from 0.02 to 
0.2 mol per mol of the silicon compound (A) in addition to the silicon compound (A), the silicon compound (B), the 
alcohol (C) and the oxalic acid (D). in the preparation of the reaction mixture. 

8. The process according to any one of Claims 1 to 7, wherein at least one sol selected from the group consisting of 
a silica sol. an alumina sol, a titania sol, a zirconia sol, a magnesium fluoride so! and a ceria sol, is incorporated as 
an additive (F) to the coating fluid. 

9. A coating film having a refractive index of from 1 .28 to 1 .38-and a contact angle of water of from 90 to 1 1 5^ which 
is formed as adhered on a substrate surface, by preparing a reaction mixture comprising a silicon compourKi (A) of 
the following formula (1): 

Si(OR4) (1) 
wherein R is a C1.5 alkyi group, a silicon compound (B) of the following formula (2): 

CF3(CF2)nCH2CH2Si{OR^)3 (2) 
wherein is a 0^.5 alkyI group, and n is an integer of from 0 to 1 2, an alcohol (C) of the following formula (3): 

R^CHgOH (3) 

wherein R^ is a hydrogen atom, or an unsubstituted or substituted alky! group, and oxalic acid (D), in a ratio 
of from 0.05 to 0.43 mol of the silicon compound (B) per mol of the silicon compound (A), in a ratio of from 0.5 to 
100 mol of the alcohol (C) per mol of the total altocy groups contained in the silicon compounds (A) and (B). and 
in a ratio of from 0.2 to 2 mol of tiie oxalic acid (D) per mol of the ti3tal alkpxy groups contained in the silicon com- 
pounds (A) and (B); heating this reaction mixture at a temperature of from 50 to 1 80*^0 until the total amount of the 
silicon compounds (A) and (B) remaining in the reaction mixture becomes at most 5 mol%. while maintaining a 
Si02 concentration of from 0.5 to 10 wt% as calculated from silicon atoms in the reaction mixture and maintaining 
absence of wvater, to form a polysiloxane solution; then coating a coating fluid oonr^Jrising tiie polysiloxane solution 
on a substrate surface to form a coating; and heat-curing the coating at a temperature of from 80 to ASO^'C. 

10. The coating film according to Qaim 9, wherein tiie silicon compound (A) is at least one silicon compound selected 
from the group consisting of tetrametfioxysilane. tetraethoxysilanei tetrapropoxysilane and fetrabutcM^ilane. 

11. The coating film according to Qaim 9. wherein the silicon conpound (A) is at least one silicon compound selected 
from the group consisting of teframetfioxysilane and tefraetiioxysilane. 

12. The coating film according to any one of Claims 9 to 11. wherein tiie silicon compound (B) is at least one silicon 
compound selected from tfie group consisting of frifluoropropyltrimethoxysilane. trifluoropropyltiietho^silane. fri- 
decafluorooctyttrimethoxysilane. fridecafluorooctyftriethaxysilane, heptadecafluorodecyltrimethox^ilane and 
heptadecafluorodecyHriethoxysilane. 

13- the coating film according to any one of Claims 9 to 12, wherein the alcohol (C) is at least one alcohol selected 
from the group consisting of methanol, ethanol, propanol, n-butanol, etfiyfene glycol monometfiyl etiier, ethyleni3 
glycol monoethyl etfier. cfiethylene glycol monomethyl etfier, diethylene glycol monoethyl ether, propylene glycol 
monometiiyl etiier and propylene glycol monoetiiyl ether. 

14. The coating film according to any one of Claims 9 to 12, wherein the alcohol (C) is etfianol. 

15. The coating film according to any one of Claims 9 to 14, wherein at least one alkyI alkoxysilane selected from tiie 
group consisting of methylfrimethoxysilane. metiiyftrietiioxysilane. etiiyltrimethoxysilane. ethyltriethoxysilane, pro- 
pyltrimethoxysilane^ propyitriethaxysilane, butyifrimethoxysilane, butyitriethoxysilane, pentyttrimethoxysilane, 
pentyltriethoxysilane. heptylfrimethoxysilane. heptyltrietfioxysilane, octylfrimetiioxysilane. octyltriethaxysilane. 
dodec^imethoxysilane, dodecyltriethoxysilane, hexadecyltrimethoxysilane. hexadecyltriethoxysilane, octadecylt- 
rimetiiQxysilane, octadecyrtriethoxysilane. phenylbimetfioxysilane, phenyltrietiioxysilane, vinyltrimetfioxysilane, 
vinyltriethoxysilane, raminppropyltrimetho^silane, yaminopropyftrietiioxysilane, y-glycldoxypropyltrimethoxysi- 
lane, y-glycidoxypropyltriethoxysilane, y-methacryloxypropylfrimethoxysilane, y-metf^cryloxypropyttriethox^ 
dimethyfdimethoxysilane and dimethyidiethoxysilane, is incorporated as a modifier (E) in an amount of from 0.02 to 
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«^Mnd (A) in addition to the silicon compound (A), the silicmcc 



0.2 mol per mol of the silicon cpmPRTnd (A) in addition to the silicon compound (A), the sillcBncompound (B), the 
alcohol (C) and the oxalic acid (D), in the preparation ot the reaction mixture. 

1 6. The coating film according to an/ one of Claims 9 to 15. wherein at least one sol selected from the group consisting 
5 of a sijica sol, an alurpina sol. a titania sol, a zirconia sol. a; magnesium fluoride sol iand a.ceri.a so|. is incorporated 
as an additive (iF=) to the coating flu^^ 
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